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AN ECOREGIONAL APPROACH TO RESEARCH IN THE CGIAR 
Summary 
This paper elaborates on the ecoregional approach to research which was originally 
proposed in the 1990 TAC report on the possible expansion of the CGIAR. TAC proposed that the 
global research activities of the CGIAR be complemented by an increase in research focused on 
agroecological zones, regionally defined. For this research TAC has coined the term “ecoregional”. 
The proposed ecoregional approach is built on CGIAR experience. It provides an 
innovative means for organizing and implementing expanded research on resource management in the 
CGIAR, while continuing the emphasis on improved agricultural productivity. The ecoregional 
approach will also improve the coordination of the interactions between the CGIAR and NARS. 
The paper reviews the needs for research on resource management against the 
background of major threats to the sustainability of agriculture. A new multidisciplinary approach to 
resource management research is described. This approach is also built on CGIAR experience, 
recognizing the need to: integrate resource management and productivity concerns; marry human and 
technical dimensions; adopt an integrated systems approach; and link policy formulation to technology 
development. 
The organization of ecoregional research will require multidisciplinary teams. CGIAR 
experience with various organizational models is reviewed. Ecoregional entities will cooperate with 
NARS, global commodity and subject matter centres and advanced research institutions. To avoid 
overlap in strategic research on resource management, TAC recommends that ecoregional entities be 
given a mandate for research on particular problems and that inter-Centre networks be formed to 
enhance research collaboration and information flow. 
The paper stops short of presenting a detailed analysis of the institutional and financial 
implications of ecoregional research in a re-structured CGIAR. TAC will be prepared to undertake 
the analysis in conjunction with the CGIAR Priorities and Strategies exercise which will be first 
considered by the CGIAR in October 1991. TAC sees the exploration of the future structure of the 
CGIAR as an interactive process. 
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1. Introduction 
This paper presents TAC’s elaboration on the ecoregional approach originally proposed 
in its report on “A Possible Expansion of the CGIAR” (TAC 1990), which was presented to the 
CGIAR at last year’s International Centres Week. The primary purpose of the report was to assess 
the so-called non-associated centres, but as a prelude to the examination of the subject matter areas 
represented by these centres, TAC undertook an analysis of the need for, and implications of, an 
expansion of the CGIAR. 
The report presented an analysis of the trends in world agriculture and the implications 
for research in each of the major developing country regions (Asia and the Pacific, Sub-Saharan 
Africa, Latin America and the Caribbean, and West Asia and North Africa). Although these regions 
have much in common, they differ in a number of aspects such as resource endowment, population 
density, stage of development, and strength of NARS, which have important implications for the 
sustainability of agricultural production. The report noted the need for an expansion in the CGIAR 
investment in research on resource management’ and forestry in all regions, while maintaining the 
past emphasis on improved productivity. TAC therefore proposed a restructuring of the CGIAR 
which would complement global activities with an increase in research focused on agroecological 
zones, regionally defined. For these TAC has coined the term “ecoregional”. By aggregating areas 
into agroecological zones, research on common agricultural research problems in those zones is 
facilitated, whereas grouping areas on a regional basis facilitates linkages to NARS. 
At International Centres Week in 1990, the CGIAR endorsed the concept of ecoregional 
activities as a means of integrating resource management with productivity concerns, which can be 
seen as the twin pillars of the CGIAR. The Group requested TAC to elaborate on the concept and, in 
doing so, to examine a number of resource management themes - such as the soil/water relationship, 
soil fertility and plant protection etc.- and advise the group on the institutional changes required to 
ensure that these themes were encompassed in CGIAR-supported research. This paper presents 
TAC’s response. It elaborates on both the ecoregional approach and the resource management 
themes together, because TAC considers that research on resource management can be effective only 
if it is done within an ecoregi0na.l framework. The paper also considers some of the consequences of 
the ecoregional approach for the coordination of relationships between IARCs and NARS. A 
companion paper - Relationships between CGIAR Centres and National Research Systems: Issues and 
Options - discusses these relationships in a broader context and in more detail. 
By way of introduction, it is useful to consider a number of the major issues shaping the 
CGIAR research agenda which were discussed in the TAC report on the possible expansion of the 
CGIAR. Particularly important is the TAC proposal, which was endorsed in principle by the 
CGIAR, that the Mission and Goals of the CGIAR be revised and expanded to incorporate the 
concept of self-reliance; to emphasize strongly the effective management and conservation of resource 
’ The term “resource management” is used in the broad context defined in the TAC report on 
sustainability (.TAC/CGIAR 1988) i.e. it includes cultural and human resources, purchased inputs, 
such as fertilizers and pesticides, and natural resources, such as soil, water, vegetation, livestock, 
germplasm etc. Research on the management of natural resources such as fish and forests, which 
constitute products in themselves, can be classified as production research, whereas that on the 
management of resources such as soils and water is support research. This paper is largely 
concerned with the latter, in the context of crop, forest, fish or livestock production systems. 
. . 
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for sustainable production; and to include forestry and fisheries research,. As stated in the 1990 
TAC report, there are several direct implications that follow from the new mission and goal 
statement. 
First, given population growth and urbanization, the CGIAR should retain high priority 
for basic crops grown in more favourable agricultural areas because it is the marketable surplus 
grown in these areas that will help feed the growing populations of urban poor in many countries. 
Second, parallel with this goal, there should be continued attention given to indigenous, subsistence 
crops which feed rural populations including those in less favourable areas. The third implication of 
the goal of assisting countries to achieve sustainable food self-reliance is that non-food crops, and 
income and employment generation, loom larger than food self-sufficiency in priority setting. The 
fourth implication is that viable agricultural systems involve both issues of productivity - expanding 
yield potential by breeding and improving crop management to optimize yield and profit - as well as 
long-term resource management, such as improved land use management through soil amelioration 
and tree and forest husbandry at the farm and community levels to sustain resources over the long 
term. 
This paper takes these developments as its starting point. It starts with an elaboration of 
TAC’s conceptual notions of, and roles for, ecoregional entities’ for research in the CGIAR. Tbe 
agenda for research on resource management is then discussed against the background of the major 
challenges to the sustainability of agriculture. An elaboration of TAC’s approach to ecoregional 
research follows, giving particular emphasis to the need for an integrated approach to research on 
resource management. The paper then considers some of the key principles in organizing ecoregional 
research and discusses approaches to reducing overlap and enhancing spillovers in strategic research 
on resource management. 
2. 4 once tual Notions f 
2.1, Past Exnerience of the CGIAR 
Emphasis on ecoregional research is not new to the CGIAR and its Centres. Of the 
original CGIAR Centres, some such as IITA and CIAT were established with ecological and regional 
mandates whereas others such as IRRI and CIMMYT had clear commodity mandates, i.e. rice and 
wheatlmaiie respectively. IITA, which was established in 1967 undertook responsibility for the low, 
humid tropics of Africa. Created in the same year, CIAT adopted a mandate to serve the lowland 
tropical regions of the Americas @aurn 1986). However, as the CGIAR evolved, IITA, CIAT and 
other regionally mandated Centres, such as ICARDA and ICRISAT, assumed global and/or regional 
commodity mandates in addition to their ecoregional mandates e.g. IITA - cowpeas; CIAT - cassava 
and beans; ICARDA - barley; and ICRISAT - millet, sorghum and groundnuts. This was a staged 
evolution of responsibilities and was not without problems as each Centre sought clarification of its 
role and responsibilities within the CGIAR System. 
Past experience suggests that, in those Centres that have had both a commodity and a 
resource management mandate; it has been difficult to strike an effective balance between the two. 
Generally resource management has received less attention than crop improvement research on 
mandated commodities. 
2 The term “ecoregional entity” is used in this paper to denote an institutional mechanism 
given the CGIAR mandate for research in a clearly defined ecoregion; the mechanism could be a 
Centre or a sub-Centre in the IARC mould, or a smaller organization. 
I 
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There are a number of reasons for the present ecologically and regionally mandated 
Centres in the CGIAR to have placed greater emphasis on their global and regional commodity 
mandates. A commodity mandate is clearly defined and can be pursued in a focused way through 
crop improvement research. Furthermore, the impact of the new varieties generated can be easily 
identified and measured and credited, thus satisfying demand for impact in farmers’ fields. By 
contrast the long time horizon of resource management research, the difficulty of defining priorities 
and, in particular, the problems associated with measuring and attributing the impact of research in 
this field, made research on resource issues less attractive to the Centres. The greater emphasis given 
by Centres to crop improvement research may have been unintentionally encouraged by the 1985 
TAC view that the CGIAR Centres should pursue a multidisciplinary commodity approach to 
research, including research on natural resources, and that solutions to factor problems requiring 
more basic research should be sought through collaboration with specialized institutions 
(TACKGIAR 1987). 
Nevertheless a number of important lessons have been learned in the evolution of 
CGIAR research on resource management, including: 
Lack of clear global resDonsibilitv for stratepic research on resource manaeement 
concerns. The System is going through the current expansion phase primarily because of 
a perceived need to redress the problem that resource management concerns have been 
given a back seat position compared with research on crop improvement based on a 
globally or regionally defined commodity mandate. This is particularly true for 
fundamental and strategic research questions on resource management that have inter- 
country and inter-continental relevance (e.g., studies of soil degradation processes, crop- 
physical environment interface, deforestation, common property management etc). 
Yncoordinated decentralization. Each Centre has decentralized its operations based on 
its own needs. Research on many resource management issues will also have to be 
carried out .in a decentralized fashion because of the location-specificity of the research 
issues. While independent and separate efforts by each Centre could best serve its own 
purposes, this may lead to increasing inefficiencies for the System as a whole. 
Problems with tareetine commoditv imnrovement. In some Centres with a global 
commodity mandate, characterizing both the ecological and socioeconomic environment 
of target areas for improved cultivars has not bean easy because of the absence of a close 
link to technology generation, the lack of a measure of success and, historically, the lack 
of a proven multidisciplinary systems research approach. 
Other issues have arisen in relation to the interaction between the IARCs and NARS: 
Lack of intra-svstem coordination of the Centres’ caaacitv building efforts. ISNAR plays 
a role in strengthening entire national agricultural research systems, particularly in the 
area of organization and management. Each of the other Centres includes the 
strengthening of national programmes as a part of its mission. Although the efforts of 
the Centres are all directed towards different programmes within a national system, these 
efforts are disjointed. For example, several Centres offer general training programmes 
in agronomy and farming systems research, often with a particular commodity slant, to 
the same NARS. No mechanism exists to ensure coherence and complementarity of the 
total CGIAR effort vis-a-vis a given national system. The same is true for the Centres 
strengthening efforts directed at regional institutions. 
I . 
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Overburdening of weak and/or smaller national svstems bv attention from manv IARCs. 
Related to the previous point, there is a lack of coordination, and sometimes even 
competition between Centres in their dealings with NARS not only in training but also in 
research collaboration. It is inefficient for weak and/or smaller NARS to interact 
simultaneously with many IARCs. 
Lack of coordination of the Centres’ canacitv building efforts with technical assistance 
proarammes of donors. Donor technical assistance programmes geared towards 
improving the capacity of developing country, national, and regional research systems 
are not well coordinated with the Centres’ own efforts in the same area. New 
mechanisms may need to be created to ensure the complementarity of these efforts. 
As the CGIAR System moves to expand research on the sustainable use of resources it 
will take into account the lessons learned from past experience. Notwithstanding the problems cited 
above, IARCs have learned a great deal about resource management research through past farming 
systems research. Most of the former farming systems research programmes have in fact become 
resource management programmes . Annex 1 summarizes the present status of resource management 
research at CIAT, ICARDA, ICRISAT, IITA, ILCA and WARDA (the CGIAR Centres that 
currently have ecological or regional mandates; note that other Centres such as IRRI and CIMMYT 
have also made important contributions to the development of farming systems research but in the 
context of their crop mandates rather than ecological or regional mandates). 
2.2. Case for an Ecoregional ADoroach 
In TAC’s view, an ecoregional approach could significantly contribute to more effective 
resource management research, improve coordination between IARCs and NARS, and increase the 
overall cost-effectiveness of the CGIAR. Specifically: 
a core of international scientists working in an integrated team and with in-depth hands- 
on knowledge of the natural potential and constraints of a particular ecoregion are more 
likely to achieve results if the new research approaches that have emerged from past 
experience are adopted; 
the capability to deploy such a core of scientific talent on strategic research of an 
international nature targeted at resource management and improved productivity in a 
particular ecoregion but with considerable potential for spillovers to other regions; and 
the opportunity to coordinate the collaboration between IARCs and NARS in training and 
in applied and strategic research in a more focused and relevant way. 
The new evolving approaches to resource management research are described in detail in 
Section 4.2 and Annex 2. They are based on agroecological principles, take into account human 
interactions with the resource base and involve an integrated, multidisciplinary, systems approach. 
No such integrated approach was available when the mandates for IITA, ICRISAT, ILCA, CIAT and 
ICARDA led those Centres to pioneer research on resource management and farming systems. 
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2.3. Role of Ecoreeional Entities 
TAC believes that ecoregional research should focus on increased and sustained 
productivity of crops, livestock, forestry, and fisheries, with special reference to the farming systems 
and commodities in the CGIAR portfolio. This will require a strong emphasis in research on 
resource management and on crop/tree improvement and management. The role of the ecoregional 
entities in crop improvement research would be complementary to that of the global commodity 
Centres, would concentrate at the applied end of the research spectrum, and would be tied closely to 
resource management research. The main basis for this close link will be the mass of baseline data 
on the farming systems in the region which the ecoregional entities will gather and collate. These 
data will include information on biotic and abiotic constraints to crops, trees and livestock in the 
region. In these areas of germplasm research the scientists in the regions will be able to use this 
knowledge in programmes to specify, test and -.,valuate international nurseries from the global 
Centres. In addition to this applied research, global commodity Centres may wish to pursue some 
strategic research on factors such as abiotic constraints in the field environments provided by the 
ecoregional entities. 
The ecoregional entities will take primary responsibility for the bulk of the CGIAR 
research on resource conservation and management, which is absolutely critical to the sustainability 
of production systems. The primary focus will be on strategic research but a key question for the 
CGIAR is the portion of the adaptive, applied and strategic research for which an international system 
has a comparative advantage. For some, the location specificity of much applied and adaptive 
research on resource management requires that it be done only by NARS. The only role for CGIAR 
Centres in adaptive research on resource management is in helping to build the capacity of NARS to 
undertake this important work. The clear international role for ecoregional entities in resource 
management research was stated in the TAC paper on the Possible Expansion of the CGIAR (TAC 
1990): 
“International research organizations can contribute by (1) clearly defining the magnitude 
and potential future consequences of the process; (2) by contributing methodology for characterizing, 
analyzing and evaluating interventions in major ecological zones; (3) collecting, evaluating and 
disseminating available information from the global research community that is relevant to national 
policy choices; (4) doing actual research on a selective basis to develop both methodology and basic 
information and to provide examples of how to do it; (5) providing training; and (6) exploring 
appropriate institutional and management approaches. ” 
The extent to which ecoregional entities undertake these various tasks will depend to 
some degree on the strength of the NARS in the mandate area of the Centre. In areas where NARS 
are weak, the ecoregional entity might need to become more closely involved in helping with adaptive 
research programmes, although an international centre has no comparative advantage in this type of 
location-specific research. It should be recognized that a great deal has already been done in some 
regions. The application of research results continues to lag behind research progress and it is 
imperative that greater efforts be made to involve farmers in the generation and transfer of 
technologies; for example, new farmers organizations could be created in rainfed areas similar to the 
farmer organizations which have been created to manage irrigation systems. 
. * 
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3. Global Context and Research Agenda on Sustainable Agriculture 
3.1. Concent of Sustainable APriculture 
Since the inclusion of the word “sustainable” in the CGIAR goal statement (TACKGIAR 
1987), and the TAC report on Sustainable Agricultural Production (TACKGIAR I988), much has 
been written about this subject both within and outside the CGIAR. TAC has treated sustainability as 
a dynamic concept and conceived the following definition - “sustainable agriculture should involve the 
successful management of resources for agriculture to satisfy changing human needs while 
maintaining or enhancing the quality of the environment and conserving natural resources”. 
TAC notes that problems of sustainability in developed and developing countries exhibit 
significant differences as well as similarities. In developed countries problems may arise from the 
injudicious use of external agricultural inputs, whereas in many developing countries lack of external 
inputs, combined with low productivity of manual labour and shortened fallow periods, are major 
constraints to sustainability. Farming systems exist, and can be developed, that increase production, 
protect natural resources, use inputs efficiently, and maintain biodiversity. In developing countries 
low-intensity agricultural systems require a horizontal expansion of cultivated land into fragile 
marginal lands. Sustainable development should be achieved in an overall framework of growth and 
should not penalise developing countries on account of errors or excesses which occur in developed 
countries, but should lead to a more effective and productive agriculture. Tradeoffs between 
sustainable livelihood and the conservation of resources have to be given due attention. 
Considerations of inter-generational equity should not overshadow the need for solving the still very 
acute intra-generational problems of the present. 
In 1988 a CGIAR Committee on Sustainability was set up to review and report on the 
main sustainability issues of concern to the CGIAR. This Committee’s final report (CGIAR 1990) 
identified the following major sustainability concerns: protecting the genetic base, dealing with soil 
degradation, addressing variations in global climate, maintaining growth in productive agricultural 
systems and promoting growth in less productive systems, and managing pests and nutrients in ways 
that would reduce the use of agricultural chemicals. The Committee commented on the fundamental, 
if gradual, evolution of research programmes in the CGIAR Centres to address the sustainability 
issue. 
The ecoregional approach to research which TAC is advocating in this paper is intended 
to provide a framework for the planning, organization and conduct of research that addresses the 
issue of sustainability while maintaining the CGIAR emphasis on improved productivity of agriculture 
and forestry. In this section of the paper, the major challenges to sustainability are reviewed briefly, 
then illustrative examples of the research activities required to address these challenges are listed. 
These provide a general background to the discussion of the need for an integrated approach to 
research on resource management and of the proposed ecoregional mode of operation. 
3.2. Challengesto 
3.2.1. Human and institutional factors 
Burgeoning population growth and poverty are the root causes of many of the threats to 
the resource base for agriculture and forestry. Demand for food is growing at 3 to 4 per cent 
annuahy and growth in demand for fuelwood leaves an estimated 100 million people in developing 
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countries unable to satisfy their minimum fuelwood needs. The growth in food demand can be met 
either by increasing yield or by expanding the area of land cultivated. However, many countries, 
particularly in Asia, have passed the safe arable land frontier and now face the twin challenges of 
increasing food production in the high potential areas and stabilizing or rehabilitating marginal areas 
which increasingly are being brought under cultivation. 
Poverty, small farm size, insecure land tenure, unemployment, inappropriate policies for 
land use, taxes and prices, and inadequate infrastructure, education and extension services are 
amongst a litany of human and institutional constraints which underlay the major threats to the 
sustainability of agriculture in both favourable and less favourable areas. Poverty-stricken people in 
villages have increasing difficulty in finding fuel and potable water as pressure on resources gets 
worse. The importance of these human and institutional factors justifies increased attention to 
complementary policies and programmes to alleviate hunger and poverty. Health, nutrition, 
education and household energy policies must be taken into account in addition to policies more 
directly concerned with agriculture. 
3.2.2. Resource demadation 
Degradation of the resource base lies at the heart of the threat to the sustainability of 
agriculture. In many countries, soil loss through erosion by wind and water constitutes the major 
threat. The underlying cause of the erosion is inappropriate land use such as the clear cultivation of 
steep slopes, loss of vegetative cover due to overgrazing or clearing and the extension of continuous 
cultivation into marginal arid areas. Recent estimates of the extent of soil erosion in developing 
countries indicate the widespread nature of the problem (Oldeman et al. 1990). Subsequent analysis 
suggests that 17%) 18% and 14% of the total land area of Africa, Asia and South America 
respectively has been affected by human-induced soildegradation processes such as nutrient 
depletion, and wind and water erosion. Of these areas, an average of 60% is considered to be 
severely or moderately affected. 
Soil degradation through loss of soil fertility is an especially important problem in many 
areas of the developing world. Natural soil fertility is mined through the removal of nutrients in 
harvested plant and animal products and this process is exacerbated by the loss of nutrients in the 
topsoil due to erosion. For example, in some East African countries, where only small amounts of 
fertilizer are used, and soil erosion is also serious, net country-wide average rates of nutrient loss as 
high as 80 Kg (N + P20s + GO) per hectare per annum have been estimated in a recent study 
commissioned by FAO (Stoorvogel and Smaling 1990). Replacement of these nutrients through the 
purchase and import of fertilizers is a major expense facing affected countries. The problem can be 
resolved if land management practices are changed to reduce soil erosion, and improved nutrient 
supply systems based on fertilizer and organic sources are adopted. 
The 185 million ha of irrigated land in the developing countries have contributed 
enormously to recent gains in food production. However, salinity and waterlogging caused by poor 
water management and inadequate drainage systems threaten the sustainability of large areas of 
irrigated land. According to the World Commission on Environment and Development (1987), 
millions of hectares of irrigated land are abandoned annually. Recent analysis by IRRI and CIMMYT 
has suggested that’yields are declining in some irrigated areas with intensive rice-wheat production 
systems. Those problems are particularly disturbing because the areas affected are major food bowls 
in the countries concerned. 
. * 
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Water resources needed for irrigation are being threatened in a number of ways: siltation 
from upland watersheds is reducing the life of water storage reservoirs; in some seas of India, China 
and Mexico, groundwater levels are falling precipitously; and in many countries urban and industrial 
growth is competing with agriculture for scarce water resources. Expansion of irrigation through 
major schemes has become so expensive that the rate of growth has recently been reduced to only 1% 
per annum compared to 4% two decades ago. These problems point to the need to manage and 
utilize available water resources and irrigation systems more efficiently. 
In dryland areas of South America, Asia and Africa, large areas have been severely 
degraded and more than 230 million people have been affected. The economic cost in 1983 was 
estimated at $7.4 billion. The severity and scope of the problem varies widely across different 
regions of the world. In the rangeland areas of the Sahelian-Sudan0 zones of Africa, the numbers of 
livestock have grown rapidly and the production of cash crops on unsuitable lands has forced cattle 
herders into marginal areas exceeding the carrying capacity of these lands (WCED 1987). 
Overfishing and the deterioration of coastal aquatic environments in developing countries 
is a direct consequence of population pressure. Large numbers of small-scale fishermen have been 
under particular pressure due to competition from expanded trawler operations based on low-cost 
credit (ICLARM 1988). The environmental deterioration, caused by siltation from overexploited 
uplands, is particularly damaging to coral reefs upon which coastal communities depend for their 
livelihood. Since these capture fisheries are likely to remain the main source of aquatic food in the 
near-term future, strong steps to protect the resource base are needed, while at the same time 
aquaculture is expanded to provide alternative sources of production and employment. 
Deforestation rates in the tropics have been extensively reviewed by FAO (1980), World 
Resources Institute (1985) and others. The broad orders of magnitude are that tropical deforestation 
is currently running at something between 17 and 20 million hectares a year compared with about lo- 
11 million ha in 1980 (note that these estimates include land under shifting cultivation and hence 
cleared for short periods before being abandoned to natural forest cover). Expressed as a proportion 
of total forest cover in the tropical regions, annual rates of deforestation in the period 1981-1990 
were 1.7% in Africa, 0.9% in Latin America and 1.4% in Asia (FAO 1990). The consequences of 
deforestation and its negative impact on stream flow, soil erosion, agricultural productivity, 
availability of fuelwood, loss of biodiversity and on both local and global climate have also been well 
documented (OTA 1984; WRI 1985; FAO 1987; IPCC 1990). 
From a CGIAR resource management perspective, it is useful to distinrlish between 
situations where deforestation is harmful and those where it is not. Conservation of closed natural 
forest is desirable where the objective is to protect such ecosystems as biodiversity reserves, as water 
catchment forest and/or for production of timber and other forest products for indigenous forest 
dwelling people, domestic consumption or export. However, in many situations deforestation 
constitutes a logical shift to a more intensive land use. Unfortunately, it is not possible using existing 
data on deforestation to estimate the extent to which forest areas are being converted to productive 
and sustainable uses or to degraded vegetation climaxes such as Imoerata grasslands. Given current 
population trends, continued conversion of some forest to more intensive crop/livestock or 
agroforestry farming systems is inevitable. 
3.2.3. Erosion of Penetic resources 
Of the 350,000 or so species of higher plants, 100 are important crops. Each has a 
diverse gene pool which extends to closely related species and which contains a reservoir of 
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potentially useful traits. The importance of this genetic diversity to the sustainability of agriculture is 
now widely recognized. Efforts are needed to conserve genetic resources of economically. important 
plants. Furthermore, plant scientists must have access to the germplasm to use the genes in crop 
improvement programmes . 
Erosion of the vast genetic resources stored in tropical forests is accelerated by 
deforestation. This erosion is of less direct concern to conventional agriculture, because only a few 
of the most important agricultural crops are native to tropical forests. However, since tropical forests 
harbour 60% of the global biodiversity, deforestation has important implications for forestry and 
agroforestry and for future developments in the field of health and industry. 
3.2.4. Environmental nollution 
Negative environmental impacts of intensive agriculture include pollution of soil, water, 
and the atmosphere with pesticides, fertilizer nutrients, sediments, blown soil particles, and harmful 
organisms. Pollution problems are well documented in most developed countries. The generally 
lower rates of application of agrochemicals in many developing countries imply that pollution has not 
yet become a widespread issue. However, growing excessive/improper use of chemicals has been the 
cause of serious ecological damage, pollution, and health problems amongst farm workers in some 
intensive crop production areas, particularly in Asia and parts of Latin America and North Africa. In 
these areas, the formulation and implementation of appropriate government policies is needed to 
increase awareness of the problem, to educate the public and users of agrochemicals and to ensure 
that subsidies do not exacerbate the problem. 
3.2.5. Changes in the atmosphere and climate 
Deforestation effects 
The atmospheric content of the heat trapping gases of carbon dioxide and methane has 
been increasing over the past two centuries as a result of human activities. The major source of 
carbon dioxide is the combustion of fossil fuels which release about 5.6 billion tonnes of carbon 
annually into the atmosphere. The pools of carbon held in forests and in forests soils are being 
reduced systematically. Deforestation releases between 1 and 3 billion tonnes of carbon by 
accelerating the rate of decay of organic matter in trees and soils. 
Global warming is in itself expected to increase rates of respiration (including the 
respiration of plants and organic matter in soils) thereby further speeding the release of carbon 
dioxide and methane from forest lands and other vegetation sources. On the positive side, increased 
carbon dioxide levels and higher temperatures will increase photosynthesis. 
The contribution of forest burning to global warming has been deemed a sufficiently 
serious issue to justify recommendations by the Intergovernmental Panel on Climate Change, UNEP, 
WMO and others, that governments should take active steps to contain deforestation and steps are 
being taken to address that issue. If in addition new forest could be established on a large enough 
scale, carbon could be removed from the atmosphere and stored. However, it would require between 
1 and 2 million square kilometres of new forest to store annually 1 billion tonnes of carbon This 
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estimate is based on the assumption that the land is bare so net carbon fixation of the existing 
grassland would have to be taken into account to obtain a more accurate estimate. Nevertheless, the 
massive reforestation required would be very difficult to achieve. 
The key to containment of global warming lies in global reduction in the use of fossil 
fuels, improved conservation and energy efficiency and a shift to alternative renewable sources of 
energy combined with containment of tropical deforestation. 
@> Potential imnact of increased carbon dioxide and 
global warming on agriculture 
Assessing the potential effects of global climate change in agriculture is a vital task. 
Climate and weather have been and continue to be dominant factors in agricultural productivity 
despite technological advances such as improved plant and animal hybrids and the widespread use of 
chemical fertilizer. It should also be noted that carbon dioxide is a benign gas which is in short 
supply so far as plant requirements for growth are concerned. 
The IPCC recently concluded that climate change could modify both regional production 
and trade of agricultural commodities and could have severe effects for certain vulnerable regions 
(IPCC 1990). However, IPCC’s report acknowledges that the present state of knowledge and 
research on the impacts of climate change on agriculture are inadequate for drawing firm conclusions 
about the effects on regional/global food production. 
3.3. Research Needs 
TAC is presently engaged in revising the CGIAR research priorities and strategies paper 
which will analyze the research agenda needed to deal effectively with the range of issues discussed 
above. In particular the revised paper will indicate where the CGIAR should focus its research 
effort. It is not the intention of this paper to preempt this process. Nevertheless, to help set the stage 
for the discussion which follows on approaches to research on resource management and on suggested 
modes of operation of the ecoregional entities, it is useful to reiterate from the report on the possible 
expansion of the CGIAR (TAC 1990) some of the illustrative research activities which might be 
undertaken to address resource management problems (see Annex 3). Many of the research topics 
listed in the annex are already on the agenda of existing CGIAR Centres or Centres which are joining 
the CGIAR in 1991-92. If the re-structuring of the CGIAR proceeds, it would be desirable for much 
of the research to be addressed in the systems context provided by ecoregional entities. 
4. An ADDroach to Ecoreeional Research. 
4.1. Defining the Ecoreeional Framework 
Agroecological characterization puts agricultural and environmental concerns in 
perspective and is an indispensable tool for planning research aimed at developing and improving 
sustainable production systems. Recently, TAC has been developing a process utilizing 
agroecologically characterized regions (including the associated national land use and socio-economic 
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,) as a basis for a revision of CGIAR priorities and strategies. It has coined the term 
J” to denote regionally defined agroecological activities. A rationale for this ecoregional 
1s that it allows geographically referenced ecological considerations to be readily combined 
,d use and socio-economic considerations. It also permits an assessment of potential research 
Jvers to be taken into account. 
Based on the FAO agroecological classification, at the highest level of aggregation nine 
basic agroecological units have been distinguished. These are: 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Warm, arid and semi-arid tropics. 
Warm, subhumid tropics. 
Warm, humid tropics. 
Cool tropics. 
Warm, arid and semi-arid subtropics (summer rainfall). 
Warm, subhumid subtropics (summer rainfall). 
Warm/cool, humid subtropics (summer rainfall). 
Cool subtropics (summer rainfall). 
Cool subtropics (winter rainfall). 
The developing world has been divided into 21 regional agroecological zones using the 
above classification, creating a framework which is being used by TAC to analyze research priorities 
and strategies for the CGIAR. It is important to point out that TAC does not intend to recommend 
that the CGIAR establish ecoregional entities in each of these zones. As the TAC report on the 
possible expansion of the CGIAR ITAC 1990) pointed out, six ecoregional entities would cover the 
most important zones in the medium term. A detailed definition of the criteria used to define the 
thermal regimes and length of growing period is given in the original FAO publication. For a brief 
explanation, readers are referred to the TAC paper on the possible expansion of the CGIAR. 
Ecoregional entities will take the agroecological analysis to a more detailed level within the ecoregion 
to determine and define research domains in which research will be focused. The procedure 
followed by CIAT in defining research priorities in Latin America illustrates the approach (see Annex 
1). 
4.2. Resource Management Research 
Two key issues stand out as the problem areas which require attention by the CGIAR and 
which TAC believes would be better resolved through an ecoregional approach. One issue is the 
strengthening of NARS which is discussed in the next section of this paper and in a companion paper 
“Relationships between CGIAR Centres and National Research Systems: Issues and Options”. The 
other major issue is that of strengthening research on resource management and conservation. This 
section of the paper analyses some of the dimensions of resource management research and elaborates 
TAC’s concept of how this research should be undertaken in the context of ecoregional entities. 
The successful management of resources is a central tenet of the concept of sustainable 
agriculture. TAC considers that CGIAR research on resource management should be narrowly 
focused on resource issues which bear directly on the productivity and sustainability of agriculture. 
At the global level, key elements in the strategy for sustainability are the substitution of renewable 
resources for non-renewable resources and the conservation (stewardship) of genetic resources and 
various valuable ecosystems (including their wildlife). Other broad issues of resource management 
include the roles of community and government agencies and of agricultural and other businesses. 
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The size of management unit considered in a resource management research is also important. For 
most purposes, the management unit is the individual farm but in some research, landscapes, 
watersheds or irrigation systems are the management unit. Research is needed on organizational, 
educational and policy aspects of resource management. However, in the CGIAR, research on these 
issues is largely the responsibility of subject matter Centres such as IBPGR, IIMI and IFPRI and the 
global commodity Centres rather than eeoregional entities. 
Farmers produce by managing their resources in ways they find attractive and feasible for 
their farming systems. The plant varieties and animal breeds, the techniques used in their production 
and the soil and water management practices are component tools for wider resource management. 
As components they are necessarily shaped by criteria important to the productivity of the whole farm 
system and to the farmers perceptions and priorities, especially in relation to issues such as the risk of 
crop failure. The successful amendment of soil and water and other ecological processes to achieve 
sustainability depends on the identification of new materials and management techniques for the 
components that also improve system productivity. 
TAC’s concept of an integrated approach to resource management research emphasizes the 
farming/human interactions at the system level but also recognizes the importance of research on 
components such as soil and water management which have been relatively neglected by the CGIAR 
in the past. Comprehensive problem identification, conceptualization of researchable issues, priority 
setting must occur at the systems level. Execution of the research to develop new technologies must 
be done with a greater focus i.e. at the component level, though in the context of a knowledge of the 
requirements of the wider system. Attention at both levels is critically important. The reason that 
TAC has opposed factor research on a disciplinary basis is the lack, historically, of a holistic 
perspective vital in the integration of components into appropriate technological solutions. The 
proposed emphasis of the ecoregional entities on strategic research on resource management should 
ensure not only that the past neglect of disciplinary areas such as soil and water management is 
redressed, but also that this research is firmly based in a multidisciplinary and relevant framework. 
An important dimension to TAC’s integrated approach to resource management research is the need 
to tie the research into the policy formulation, improving the pace of its diffusion to farmers by the 
use of appropriate policy instruments. Another key dimension is the need to be selective and not 
attempt to address all of the resource management problems of an ecoregion. 
In summary, four major considerations have shaped the TAC approach to resource 
management research: 
Recognition of the need to integrate resource management research with research on crop 
and tree improvement and livestock husbandry 
Recognition of the need to marry the human and technical dimensions and address them in 
an integrated way. 
Recognition of the need to adopt a systems level approach and to plan and evaluate the 
component research from this viewpoint. 
Linkage of policy formulation to technology development and diffusion as a key aspect of 
strategy. 
* l 
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4.3. Resuonsibilities amomzst International Centres and NARS 
Strategically, an important decision to be weighed is whether, because of the holistic 
nature of the approach described, ecoregional entities will initially implement the full cycle from 
initial diagnosis to the diffusion of successful results, in pilot situations. Only such an overarching 
responsibility will test and evolve the approach, raise awareness of its potential, and provide sites 
around which to build national capacity through training and collaborative research. A strategy for 
ecoregional entities might be to have between 3 and 5 locations in their mandate area at which the 
full cycle - farmer back to farmer - of resource management research will be implemented. 
Locations would be chosen using criteria such as resource management needs of farmers’ fields, and 
the use of such nodes for collaborative research and training. Choices would need to take into 
account the great diversity of agroecosystems faced by many NARS. Networking would be used to 
disseminate the approach to national programmes in the region. 
Similarly, because of the heavy interaction needed with policy formulation, collaborative 
programmes with the NARS are the obvious mode for implementation. The necessary linkages with 
policy, programming and extension will demand political support from the highest national level and 
donor support for both research and the necessary complementary sector activities. 
One final caveat, particularly important in the choice of pilot sites, is that several sectors 
need to be balanced to promote development through technological innovation; market access, 
infrastructure, input supply and policy, as well as research, technology transfer and extension. 
Weakness in any of these sectors may constrain local development at any one time. Identifying 
weaknesses in this balance is a role for the diagnostic research stage. Where appropriate technology 
is available on the shelf, strategic and applied research will not be top priority. Similarly, where 
market access, input supply and extension are the key constraints to progress, those weak sectors 
should dominate local investment by government to provide the balance needed. 
At the other end of the research spectrum, strategic research needs will also have to be 
addressed. Aspects of the diagnostic research and of the applied research to develop component 
technologies for soil, water and nutrient management will require underpinning by strategic research. 
While this research is likely to be a major responsibility of the ecoregional entities, NARS will also 
have an input‘to research in this area. Spillover effects of strategic research across regions and 
agroecological xones are normally large. The role of advanced institutions and the possibility of 
some centralization or sharing of strategic research responsibility between ecotegional entities is 
discussed in Section 5.4.1. 
5. Key Princinles for the Organization of Ecoregional Research 
5.1. Svstems ADDroach 
TAC’s analysis of experience inside and outside the CGIAR has underlined the fact that a 
systems approach is essential if research targeted at farmers in developing countries is to be relevant 
and successful. A systems approach ensures that aspects of the resource endowment, and especially 
the socio-economic environment, are factored into the planning, prioritization, conduct and evaluation 
of the research. Furthermore, a systems approach provides an effective framework for incorporating 
sustainability concerns into the organization and execution of research. In the past single component 
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research done in isolation - i.e. without a farming systems perspective - has too often developed 
component technologies which are unrealistic and inappropriate and therefore are not adopted by 
farmers. 
TAC considers that a systems approach is the key to successful resource management 
research. As Lynam and Herdt (1988) point out, resource management research can be considered 
component research just as crop improvement research is largely component research. However, 
applied component research is more likely to yield results acceptable to farmers when planned and 
executed using knowledge of the system into which the components will be integrated. Viewed in 
these terms, the systems perspective used at the ecoregional entities will not only place resource 
management research in perspective, but also present a special strength to research on commodities 
and their adaptation within an ecoregion. The linkages between ecoregional and global commodity 
Centres needed to facilitate this are discussed below. 
5.2. Buildino Multidisciolinarv Teams 
Organization of multidisciplinary research with highly skilled international scientific teams 
is a central feature of the ecoregional approach to research. A team approach is necessary to gain a 
thorough understanding of the natural resources of the region, diagnose the problems and define the 
few research domains which should receive priority focused attention. The multidisciplinary systems 
approach is essential for research planning and evaluation but once the researchable component areas 
are defined, each member of the team will home in on his special aspect of the problem but needs to 
design it in the light of what other team members are as important in their specialities. The 
management of ecoregional entities will need to ensure that a balance is struck between staff time 
spent in multidisciplinary teams planning and evaluating research and that spent on actual research. 
Some disciplines such as agroecology, land use, biometrics/statistics and economics may 
play special roles in research planning and may not be assigned to one particular domain. 
Furthermore, for reasons of critical mass and efficient use of staff resources, some specialized 
scientists such as anthropologists, pest ecologists and pathologists may have to have their time split 
across research domains. Crop improvement programmes at ecoregional entities will also have cross- 
domain responsibilities. Plant breeders will not only have to collaborate with disciplines invol%d in 
the ecoregional research domains, but also have a major responsibility to liaise with appropriate 
global commodity Centres and NARS. These issues are analyzed in more detail below. 
The major responsibility for the ecoregional entities will be research to improve the 
productivity and sustainability of production systems in three or more main priority zones or 
domains. A team for a research domain might comprise scientists in the following disciplines: 
(1) Soil Science: Including soil physics, microbiology, fertility and mechanics. 
(2) Economics/Social Science: Including human nutrition. 
(3) Agronomy/Physiology/Plant Nutrition. 
(4) Hydrology/Water Management. 
(5) Forestry. 
(6) Aquatic biology. 
(7) Crop, Tree, and Livestock Improvement. 
The composition of a particular team would be determined by the specific constraints that 
have to be addressed in a region and by the extent to which research is being done elsewhere to 
address these constraints. The efficient management of the multidisciplinary research domain teams 
and the various groups of disciplinary expertise may require some innovative approaches. A matrix 
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management approach, such as that recently adopted at IRRI, may also be appropriate for ecoregional 
entities. The IRRI modei utilizes a matrix of Divisions (discipline-based) and rice Ecologies; As 
Annex 1 shows, a number of the IARCs have developed a type of matrix management in which 
scientists from discipline-based departments come together in working groups to undertake research 
with scientists from other disciplines on a particular ecology, cropping system or thrust. One 
particularly interesting feature of the IRRI approach is that cross-ecology research is a sizeable 
proportion of the programme, largely because some specialized research areas such as genome 
manipulation, pest management etc - are applicable to a number of ecosystems. In the context of an 
ecoregional entity, some sub-programmes such as the crop improvement programmes would have 
crossdomain responsibilities. Another valuable approach is to mould together multidisciplinary 
teams at an experimental station with a focused regional research domain such as that of the ICRISAT 
Sahelian Centre. At this Centre a team of scientists from a number of CGIAR and non-CGIAR 
Centres have been very effectively organized to tackle the difficult problems of agriculture in the 
semi-arid tropics of West Africa. The ICRISAT Sahelian Centre is a sub-centre of a Centre based in 
a different region - i.e. ICRISAT ln Hyderabad - raising the possibility that ecoregional entities need 
not have their administrative headquarters in their mandated ecoregion. 
5.3. Cooneration with Other Institutions 
5.3.1. National research svsterns 
EcoregionaI entities will be able to understand and help coordinate the needs of the NARS 
within their mandate regions and ensure that interactions are tailored to the needs of the countries. A 
variety of networking, training and information activities will be provided in a coordinated way. 
Ecoregional entities should take a major responsibility for coordinating and implementing CGIAR 
programmes in their regions, although TAC does not envisage that all programmes should be 
implemented through ecoregional entities. Ecoregional entities will have a special role to play as 
intermediaries between global Centres and countries of the region with weak national systems. 
Ecoregional entities should take a major role in providing the more general type of training for 
NARS of their ecoregion. As mentioned in Section 2.1, this will reduce duplication of training in 
such areas as experimental design, agronomy, farming systems research, biometrics, experiment 
station management, economic analysis of experiments etc. This has traditionally been offered, often 
with a particular commodity slant, by several Centres to the same NARS. 
NARS and ecoregional entities will work closely together in developing a resource 
inventory for the region and in defining the research domains with the highest priority. The capacity 
of NARS to undertake the necessary strategic, applied and adaptive research will not only influence 
the nature of the collaboration between NARS and ecoregional entities, but also affect directly the 
scope of the research of the ecoregional entities. NARS should participate in the design phase of the 
resource management research at benchmark sites and help define the common research agenda. 
IdeaIiy, NARS will do all adaptive research and much of the applied research. Some NARS will be 
able to do applied and strategic research for the region, in which case eeoregional entities can play a 
role, with other regional coordinating entities, to assist in the sharing of results in the region. 
Where national systems are weak, a case could be made for the ecoregional entity to take 
research through all three levels, including on-farm research at a,few locations in the region; a case 
could also be made for the ecoregional entities in such areas to be a Centre, on the past CGIAR 
model, in order to help NARS more effectively. A variety of approaches, including collaborative and 
information networks and consortia, have evolved in the CGIAR to facilitate cooperation between 
NARS and Centres. Ecoregional entities would be able to adopt mechanisms appropriate to the type 
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and level of research needed and the strength of the cooperating NARS. Donor agencies may be 
interested in supporting NARS research in the context of a coordinated ecoregional programme 
because the ecoregional entity will have helped the NARS develop welldesigned and well articulated 
projects. A programme of interchange of scientists from NARS and ecoregionaI entities would be 
another way to strengthen research. 
5.3.2. . Global commoditv and subtect matter Centrq 
Ecoregional entities will develop and build the store of knowledge of the resource 
environment of their mandate regions. This will include a detailed understanding of the important 
biotic and abiotic stresses constraining the productivity of different crops. This understanding could 
give a tremendous boost to crop improvement research in the zone. Ecoregional entities will 
collaborate closely with global commodity Centres in expanding and capitalizing on this 
understanding. The collaboration and understanding developed will provide a strong basis for the 
role of ecoregional entities as the major testing and evaluation sites for international testing 
programmes and nurseries from the global commodity Centres. 
In addition to providing the “design” criteria for improved germplasm to global Centres, 
the ecoregional entities will be responsible for fitting new genotypes and plant types into the farming 
systems of the ecoregion. The ecoregional entities will also host commodity/gerrnplasm or subject 
matter Centre scientists, including forestry and agroforestry researchers, working on specific 
important problems in the region. Where appropriate the ecoregional entities could host outposted 
IIMI scientists. However, because IIMI research on irrigation management problems is normally 
done under actual operating conditions, IIMI scientists might be more effective if based directly with 
national programmes . 
Subject matter Centres such as IPPRI, ISNAR and IRPGR will also find the knowledge 
base developed by ecoregional entities attractive grounds for collaboration. The TAC concept for 
resource management research encompasses policy aspects, which IPPRI could pursue in depth 
through collaborative research by outposting staff to selected ecoregional entities. IBPGR might 
outpost staff at ecoregional entities which could be used as a base for collecting germplasm, handling 
seed and organizmg in situ germplasm conservation, with the added advantage that the IBPGR 
scientists would benefit from day to day interaction with the other plant scientists based at the 
ecoregional entities. 
The critical role of ISNAR in relation to the ecoregional entities will be to help NARS in 
the region to define clearly their needs in research management in terms of ISNAR’s research and 
advisory programme in the region. ISNAR cooperation with ecoregional entities would involve 
topics such as databases and information services on NARS, studies of the role of regional bodies 
such as SACCAR, PROCIANDINO etc. as well as research priorities and planning. The central role 
in cooperation with NARS envisaged for the ecoregional entities would ensure that ISNAR had a 
clear line for communication and collaboration with other IARCs in work to strengthen NARS. 
ISNAR staff members outpost& to the ecoregional entities would help coordinate the ISNAR 
programme in the region and ensure that the advances in research management made by ISNAR are 
disseminated to countries in the region. 
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5.3.3. Advanced research institutions 
Research at ecoregional entities will inevitably uncover key issues or problems which 
require specialized strategic research. In the case of research on commodity improvement and 
germplasm conservation, ecoregional entities can turn to other Centres in the CGIAR for strategic 
research support. 
In the resources field, ecoregional entities will need to undertake some strategic research 
and link to other ecoregional entities as described ln the next section. However, in some specialized 
areas such as Geographic Information Systems, remote sensing, computer modelling of crop and soil 
processes, decision support systems, isotopic tracer studies, special fertilizer sources, biotaxonomy 
etc. - collaborative or contract research arrangements with advanced research laboratories outside the 
CGIAR will be advantageous. A number of advanced institutions have cooperated with CGIAR 
Centres over the years, including laboratories in developed and developing countries established 
specifically to undertake research for development as part of aid programmes and institutions such as 
Universities and private laboratories which undertake relevant specialized research. With the 
expansion in research on resource management in the CGIAR, the numbers and types of advanced 
laboratories involved in collaborative research will increase. An important advantage of the 
collaboration will be that exchange of information between the advanced laboratories and the 
ecoregional entities will reduce overlap in research. 
5.4. Inter-Centre Cooneration on Resource Management Research 
5.4.1. Issues and guiding nrincioles 
The research agenda of ecoregional entities will, as discussed in Section 4.2, concentrate 
largely on strategic and applied research on resource management within a mandated agroecological 
zone, regionally detined; the multidisciplinary systems approach required has also been described. 
However, it is clear that some strategic and applied research issues will be relevant across a number 
of agroecological zones and/or regions. For example, aspects of applied research on agroforestry 
systems for the humid tropics of Africa will be relevant to the humid tropics in Asia and Latin 
America and vice versa. In the case of applied research there is a strong case for communication, 
coordination and collaboration to reduce overlap and enhance the spillover effects within and between 
agroecological zoneS and regions. These processes are well catered for in the case of agroforestry, 
for which ICRAF takes global responsibility in disseminating research methodology and information. 
Spillovers in research within and between agroecological zones and regions will be largest 
in the case of strategic research, even though the strategic research is targeted at solving problems in 
a particular ecoregion. It follows that there will be a high risk of overlap in strategic research 
undertaken by ecoregional entities. In order to ensure that the scarce resources available for research 
are spent efficiently efforts must be made to avoid overlap between ecoregional entities in strategic 
research on resource management. Some of the research areas with potential for overlap involve the 
most advanced computer and remote sensing methodologies which are costly. Specific examples of 
strategic research areas in which overlap might occur are as follows: 
Land resources and land use 
Methodology for geographic information systems and remote sensing; 
Agroecological characterization; 
289 
Evaluation of land use potential; 
Land use management. 
Soil Fertilitv and Management 
Physics of soil crusting and compaction; 
Chemistry of soil acidity; 
Biological nitrogen fixation; 
Nitrogen loss processes; 
Dynamics of nutrients in variable charge soils; 
Methods for studying nutrient cycling; 
Modelling of nutrient flows in soil-crop systems; 
Microbiology of the rhizosphere including vesicular arbuscular mycorrhiza; 
- Phosphate fertilizer reactions in soil. 
Soil and Water Conservation 
Assessing different soil and water conservation methods; 
w Catchment hydrology models of uplands in relation to vegetation; 
Modelling of soil erosion processes; 
- Measuring the relationship between soil loss and productivity decline. 
Methods for measuring long-term sustainability; 
Irrigation and drainage theory and practice. 
Biosystematics; 
Physiology of widespread pest organisms; 
Molecular biology of biological control agents. 
- Common property rights; 
Small farmer decision-making under increasing population density; 
Short- and long-term pay-offs in innovation sequences. 
The specialized research areas listed are of three basic types: research related to 
agroecological characterization and land use which can be used in research planning and in the 
extrapolation of results; research on methodologies for studying basic processes in the soil/plant 
system; and research to utilize modem methods for the synthesis of data and concepts into simulation 
models and decision support systems. This listing is intended primarily to highlight some of the areas 
in which overlap might occur. Research on strategic aspects of genetic resources are not included in 
this listing because IBPGR has been established as a global Centre with the mandate for this area. 
5.4.2. Coordination mechanisms 
Research in areas with potential for overlap within the CGIAR has in the past been 
coordinated using a variety of mechanisms: 
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(1) The assignment of global and regional mandates - this approach appears to be clear- 
cut and has worked well in the case of some commodities, but in other cases real difftculties have 
arisen leading to long-term disputes between Centres. This model could be used in the case of 
strategic research on resource management. For example, a particular ecoregional entity could take 
the lead in research in developing models of soil erosion processes or developing standard methods 
for measuring sustainability. This approach would permit a sharing of responsibility and have the 
real advantage that an ecoregional entity could develop the critical mass needed to solve a few 
focused problems, while retaining a collaborative link with other Centres on other problems. 
(2) The development of inter-Centre networks - such networks are informal groupings 
of scientists with a common interest. A network of this type has already been established in the 
CGlAR in the field of agroecological characterization. This informal network is composed of 
CGIAR scientists, scientists from developed and developing countries and experts from FAO working 
in this field. The network is kept alive through periodical workshops at which progress is reviewed 
and discussions held about standardization of methodology. Outside the CGIAR, successful 
international research networks which have been based on standardized methodology include the 
International Biological Programme. Networks of this type involving developed country agencies 
have been called “free-entry/free-exit” networks because membership is based on the degree of 
interest and commitment of the participants. For these networks to be effective, a particular Centre 
has to be designated to take the lead in organizing it. 
Another approach is the network proposed for crop protection in the TAC paper on the 
expansion of the CGIAR (TAC 1990). Essentially a centre without walls was proposed. The TAC 
report lists the following benefits: 
(I - linkage mechanism for crop protection disciplines compatible with the multidisciplinary 
orientation and structure of the IARCs. The recognized strength of the IARCs was their 
interdisciplinary approach to crop research. A network approach to crop protection would 
enhance this strength; 
research findings in crop protection could be more easily integrated into cropping systems, 
as the present centre structure would be augmented through new knowledge; 
provide all centres access to nest technology and knowledge ln crop protection; 
better communication within the scientific community by providing points of contact at 
institutions recognized for their scientific excellence; 
enhanced research collaboration through linkages with other research programmes outside 
the CGIAR membership; 
a broadening of interest in crop protection research on a global scale; 
better reporting of results to the international scientific community and, consequently, 
better application of those results to agriculture worldwide; 
a mechanism that could evolve, if required, into a more formal structure, such as a centre- 
without-walls.” 
The research activities to be undertaken should be in the areas identified above. The 
research should be demand-driven through continuous feedback from national and relevant 
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international systems, allowing for timely reaction to emerging problems. The network should be 
given responsibility for reviewing the research undertaken, identifying needs and proposing new lines 
of work. 
(3) The establishment of small liaison entities for some specialized fields. An example 
from the CGIAR is the case of plant genetic resources for which IBPGR has the mandate, IBPGR’s 
operational mandate is to further the study, collecting, preservation, documentation, evaluation and 
utilization of the genetic diversity of useful plants for the benefit of people throughout the world”. 
To carry out the mandate IBPGR’s role is to initiate and stimulate both within and outside the CGIAR 
system actions to sustain an international programme for genetic resources conservation; promote, 
encourage, support and engage in activities to strengthen plant genetic resources conservation and 
utilization through research, training, communication and field activities; to enhance national and 
international programmes; and to provide scientific and technical advice to national and international 
organizations,. and through FAO to its Commission on Plant Genetic Resources, 
The above three models for enhancing and coordinating CGIAR-supported research on 
resource management are not mutually exclusive. In the genetic resources field all three are utilized 
i.e. individual commodity Centres have a mandate for germplasm collections of their own 
commodities, Centres collaborate in an informal network which IBPGR helps to organize and IBPGR 
provides the focal point for information, research and training. Noting the emerging social and 
political awareness of the subject of biodiversity and the implications of intellectual property 
protection, the recent review report on IBPGR pointed out that an institution like IBPGR is needed to 
give clear identity to the subject of genetic resources, establish links with other institutions pIaying 
global or regional roles, and generally represent the CGIAR. It was suggested that IBPGR was 
should continue as a central entity to help overcome difficulties experienced so far in uniting all 
Centres in strong coherent “CGIAR” activities in the genetic resources field. 
In the case of other aspects of research on resource management, TAC considers that a 
combination of allocation of mandates, or division of research responsibilities, and the formation of 
inter-Centre networks in key research areas is the best way to coordinate research on resource 
management in the CGIAR system. Unlike research on genetic resources, most resource management 
research must be done b &, requires a decentralized approach and does not require a central, global 
entity at this stage of development of CGIAR research on resource management. However, at some 
later stage in the restructuring of the CGIAR, it may be worthwhile to examine the progress made by 
ecoregional entities and reconsider the need for a global liaison mechanism for research on resources 
other than germplasm. 
6. Conclusions and Imolications 
This paper has presented an elaboration of the ecoregional approach first presented in the 
TAC report on the expansion of the CGlAR (I’AC 1990). The paper represents a further step in the 
process of determining how the CGIAR can be restructured to address more effectively the major 
problems of resource management facing farmers in developing countries. The paper advocates a 
decentralized approach. linked to global commodity and subject matter Centres. TAC considers that 
this type of approach, organized on an ecoregional basis, is essential to ensure that the research 
addresses productivity concerns as well as resource conservation and management problems and is 
relevant to the socioeconomic and policy environment of poor farmers. The decentralized approach 
also facilitates collaboration with NARS. 
r 
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As the restructuring of the CGIAR moves forward, the blueprint provided by the TAC 
report on a Possible Expansion of the CGIAR and this paper provide a basis for discussion. There is 
a need for a continuing process of consultation with NARS, donors and the CGIAR Centres. Since 
such consultations are an integral part of the current TAC revision of the CGIAR priorities and 
strategies paper, TAC considers that the time is ripe to fold the consideration of expansion and re- 
structuring into the revised priorities and strategies exercise. This exercise is an active item on 
TAC’s agenda and TAC plans to report on it at IntemationaI Centres Week in October 199 1. The 
revised priorities and strategies will provide a framework for the allocation of resources within the 
CGIAR and will therefore help elucidate the institutional and tinancial aspects of the restructuring 
required to incorporate the ecoregional approach in the CGIAR. This process will be aided by the 
results of the discussion of this paper at the CGIAR meeting in Paris. 
. 
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&perlenee of CGIAR Centres in Eeoregional Research 
CIAT 
Concomitant with TAC’s development and refinement of the concept of ecoregional 
entities in the CGIAR, CIAT has been revising its strategic plan. Since a number of the concepts 
utilized by CIAT in its draft plan reflect TAC’s recent thinking on the ecoregional concept, this 
analysis of CIAT’s plans is presented in more detail than that of other Centres. 
Settine Research Priorities in the CIAT Mandate Region 
The geographic complexity of resource management approaches and the very wide range 
of ecological sites or situations in any given region point up the need for the CGIAR system to 
develop systematic approaches to identifying those zones and situations where research by the 
CGIAR ecoregional entities will have the greatest potential to impact on growth, equity and 
sustainability. 
Since this work is still at an early stage no single method has yet been identified as being 
optimal for general application by the IARCs. The approach recently adopted by CIAT which has 
made extensive use of CIAT’s existing GIS database has some interesting features that could have 
wider application for the CGIAR system as a whole. 
In the first phase of this work, CUT identified five environmental criteria as a starting 
point for agroecological zoning in the Latin American region: 
Season length 
Temperature during the growing season 
Diurnal temperature range 
Annual temperature range 
Soil acidity 
After eliminating very .dry and very cold areas (with high.frost risk and low crop growth 
potential), the results of this classification suggested about 50 environmental classes of possible 
relevance to future CIAT work. Three broad classifications were then used for narrowing down 
to a more manageable number: 
The class should be significant in addition to the potential of research positively to affect 
rural poverty (esujtu); 
It should be important in terms of affecting resource management; 
It should have potential for increasing food production thereby favouring the urban poor 
(i.e. growth). 
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Four independent kinds of information were combined with the environmental classes 
using image overlaying capacity of a geographical analysis package. 
Information criteria establish& included: 
Access (extent of accessibility o: farmlands given current infrastructure); 
Exclusion of legally restricted areas (national parks, forest reserves, catchment areas); 
Rural population density; 
- Rural income per capita (as a crude measure of rural poverty). 
The above socio-economic information was overlaid on a map of the environmental 
classes. An exercise was then undertaken to rank the various classes in terms of environmental 
degradation defined as: 
- Areas of high risk to problems of pollution such as excessive use of pesticides (mainly 
areas with access to markets and purchased inputs); 
Areas where virgin lands are being converted into agriculture (e.g. conversion of forest 
land to agriculture in acid soil situations with poor prospects for sustainable annual food 
cropping and high risk of ecological degradation); 
Areas in which nutrient depletion and erosion is occurring as a result of insufficient inputs 
or decreasing fallow periods. 
Building on the above analysis, a final selection of areas for priority in CIAT’s research 
agenda was related to CIAT’s current commodity responsibilities. 
Based on the above approach CIAT identified three major agroecological zones as being 
those which would form a core of its resource management programme, namely: 
Savannas, including lowland areas of manual cultivation and intensive grazing with a 
seasonally wet climate; 
Seasonally wet hillsides, of the Northern and Central Andes, Central America Caribbean 
Region; 
Forest margins defined as areas that exploit intensive grazing and/or large-scale 
mechanized agriculture on the natural savannas of the Llanos and Cerrados. 
CIAT’s arguments in favour of this systematic approach to consideration of research 
management problems are that it offers a distinctive advantage over more subjective 
attempts to identify areas in which to conduct research, whether for agriculture development, 
environmental protection or reconciliation of conflict between the two. 
Agroecological zonification based on physiological requirements of single crops alone 
cannot help in understanding sustainability problems. Similarly studies to determine the ideal or 
potential uses of land without studying the limitations imposed by actual land use are of limited 
utility. A system that includes both environmental and social variables as outlined above provides 
a means methodicahy to select locations and agrarian systems and hence to relate the results of 
research to other places and similar systems. 
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An important element of such ecoregional zoning work will be the need for more 
systematic approaches to monitoring of vegetation (including forest) degradation. FAO’s 1990 
Forest Resources Assessment Project includes provision for statistical sampling of forest cover 
and more accurate measurement of deforestation rates. This work could make a useful input to 
the research programmes of the CGIAR ecoregional entities. 
ICARDA 
The ecoregional mandate of ICARDA is one of the most clearly defined of the CGIAR 
Centres - “promoting improved and more productive agriculture in developing countries having a 
dry subtropical or temperate climate through research and training activities conducted primarily. 
in the countries of the near East, North Africa and the Mediterranean region . , . . “. Over the past 
15 years ICARDA has made great strides in characterizing the chmate, agricultural resources and 
farming systems of the WANA region. From this analysis ICARDA has decided to focus on 
research on three production systems or research domains - barley/livestock systems in lowland 
areas with 200 - 350 mm rainfall, wheat-based lowland systems in 350-500 mm rainfall areas; and 
highland mixed farming systems with 200-600 mm rainfall. 
ICARDA has adopted a multidisciplinary approach to both commodity research and 
resource management. There are three commodity programmes - cereals, food legumes and 
pasture, forage and livestock. The farm resource management programme integrates the results of 
the commodities programmes into farming systems and also addresses wider issues such as 
socioeconomic aspects, agroecological characterization and, most importantly, sustainability of the 
resource base. 
An example of one of ICARDA’s successes is the development of medic-based pastures 
which not only increase livestock productivity but also benefit succeeding grain crops and provide 
a ground cover in place of bare fallow. This ICARDA research appears to provide a productive 
and practical approach to arresting the extensive land degradation in parts of the region. 
ICARDA’s strategy is to evaluate such technologies in on-farm trials in cooperation with NARS in 
the region. This cooperation will entail assessing the sustainability of the medic technology in the 
context of impacts on environmental quality, family welfare and farm income. The need to 
modify government policy to enhance adoption is also being considered 
ICRISAT 
ICRISAT has au ecological mandate - the semi-arid tropics - and focuses on two regions - 
Sub Saharan Africa and Asia. Its goals for environmental research are defined as developing 
improved farming systems for the semi-arid tropics and identifying constraints to agricultural 
development in the semi-arid tropics and evaluating means of alleviating them. The strong 
farming systems and economics progranmxs which developed in the 1970s and 1980s were 
merged into a joint Resource Management Programme in 1985. 
Disciplines in the Resource Management Programme at ICRISAT include 
agroclimatology, agroforestry, land and soil management, microeconomics. The research is 
concerned with making efficient use of limited rainfall and. nutrients, providing farmers with, 
multiple outputs and avoiding degrading the environment. 
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IlTA’s mandate has been distilled into four operational programme objectives. The 
objective relevant to the research aspects of IITA’s role as an regionally mandated Centre has 
been stated as follows - “to develop systems for the management and conservation of natural 
resources for sustainable agriculture in the humid and subhumid tropical zones”. IJTA has 
undertaken a major strategic planning exercise based on a thorough analysis of the geographic, 
socio-economic and agroecological characteristics of its mandate system. 
The IXTA programme strategy focuses on West and Central Africa; on African 
smallholders or family farmers; on five ecological zones - Humid forest, Transition Savannah 
(moist and dry) and Inland valleys; and on a multidisciplinary farming systems approach. The 
research is organized into (a) Resource Management Research, which includes Crop Ecology, Soil 
Chemistry, Soil Physics, Soil Fertility, Soil Microbiology, Agroclimatology, Agricultural 
Economics and Weed Science; and (b) Agroecological Zone Cropping Systems Research, which 
includes (i) the Humid Forest Systems Research Group, consisting of Agronomy and Agricultural 
Economics, (ii) the Savanna Systems Research Group, consisting of Agronomy and Agricultural 
Economics and (iii) the Inland Valleys Systems Research Group, consisting of Agronomy, 
Agricultural Economics and Hydrology. IlTA was one of the first Centres to adopt a working 
group approach to the organization of research. 
The third external programme review of llTA recommended that the Centre establish a 
mechanism which brought the crop improvement and biological and integrated pest control 
programmes into collaborative research projects with the resource management research 
programme. IITA agreed to consider this recommendation. 
ILCA was created to effect change in production and marketing systems in tropical Africa 
so as to increase the sustained yield and output of livestock products and improve the quality of 
life to the people of the region. The mandate of ILCA is therefore regional but not ecological, 
although ILCA has given only low priority to arid ecologies. High priority is given to three 
animal species (cattle, sheep and goats), two target groups (smallholders and agropastoralists) and 
four products (meat, milk, traction and manure). 
The programmes of ILCA are organized on a multidisciplinary matrix approach. Main 
disciplines - Animal and Plant Sciences and Livestock Economics - are brought to bear on six 
main thrusts - Cattle milk and meat, Small ruminant meat and milk, Animal traction, Animal feed 
resources, Trypanotolerance, and Livestock policy and resource use. Thrust coordinators are 
responsible for planning, budgeting, implementation and evaluation of thrusts and for ensuring the 
publication of results. 
WARDA 
WARDA is a regional inter-governmental organization responsible for research on rice in 
West Africa. WARDA focuses on three rice growing environments in the region - the 
upland/inland-swamp continuum, the Sahel and the mangrove swamps. The research programme 
is designed to develop improved rice varieties and improved production methods; 
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find ways of reducing post-harvest losses; to assess and increase the acceptability and impact of 
new technology; and investigate issues affecting technology adoption tid analyse national policy 
options. Through this research programme, and related communication and training activities, 
WARDA seeks to strengthen the rice research capabilities of NARS in the region. The research is 
organized around the three rice-growing environments, each of which has a multidisciplinary 
research team. Disciplinary working groups, without formal organizational status, cut across 
programmes and help maintain research quality and enhance the flow of information between 
programmes. 
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An Approach to Resource Management Research 
This example of an approach to resource management research which has evolved out of 
the experience of the CGIAR Centres is described under three headings - the diagnostic research 
work, building an inventory of component technologies and policy management for technology 
diffusion. These three complementary features are essential to a successful approach to resource 
management research. 
(A) DiaPnostic Research 
Diagnosis of the position of existing farming systems on the transition path from extensive 
to intensive agriculture is the starting point for resource management research. The history of 
change in the farming system, the current and impending status of the resources, the current 
resource management practices and the decision imperatives of farmers are all important elements 
of the diagnostic process. The foliowing steps are needed: 
(1) Characterization of the ecoregion by both physical and socioeconomic parameters to create 
a sampling framework to know where and to whom results are relevant and to where they 
can be extrapolated. 
definition and delineation of land units based on climate, land form, soils, land 
use, vegetation, surface and ground water; 
identification of communities of farmers in and across defined land units, 
operating similar farming systems; 
identification of geographical or locational priority research foci. 
(2) Utilization of the diagnostic research in priority setting. 
Diagnostic survey work is necessary to understand: 
the variability in condition of natural soil, forest and water resources, 
the current and historical decision rationale in farmers’ systems with special 
reference to landuse, 
farmers’ use of their past, current and emerging enterprise patterns and their past, 
current and emerging production practices for resource management. 
Also as a basis for selection of priority research thrusts based on urgency and generality 
(numbers of poor people affected - both rural and urban) of problems. 
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(3) Strategic experimental and laboratory research. 
This work is necessary: 
to understand soil, water and biological processes under current human pressure, 
decision imperatives and management modifications; 
to compare these ‘pressured’ processes to those under natural conditions, to 
identify strategies for achieving balance in the soil/water/biology environment. 
09 R=ource Manage. ment Research - Building an Inventorv of Resource Management 
Comoonents 
Building an inventory of resource management components requires a farming system 
perspective in both formal agricultural experimentation and for the evaluation of indigenous 
technologies identified by farmers themselves. 
Such inventories should be based on factors determining relevance to the circumstances of 
a particular farming system; 
climate, soil type, water regime and fertility status, current population pressure 
and its effect on current farm size and fallow opportunities; 
current enterprise patterns, crops, livestock and off-farm activities; 
current farm production and resource management practices. 
At the strategic level, as noted above, diagnostic research will concentrate on 
understanding the effects of increasing human pressures on the soil, water and biological processes 
of an agroecosystem. This type of strategic research is very time consuming, requires a strong 
multidisciplinary team and may take a long time to bear fruit. Some of the major topics for 
research are listed in Annex 3. For example, it is essential to gain a better understanding of the 
long term effects of the transition from s!ash and burn to permanent agricultural systems such as 
agroforestry on the physics, chemistry and fertility of tropical soils. This information is critically 
important to the rational development of sustainable production systems in the humid tropics. A 
number of specialized areas of strategic research, such as nutrient cycling studies in which 
techniques should be standardized, would be of common interest to ecoregional entities. Some of 
these specialized areas are listed in Section 5.4.1, which discusses the need to avoid overlap in 
these areas. It will also be essential to be selective and focus thii research on problems which are 
amenable to solution through research and are likely to yield high payoff in increased productivity 
and sustainability. 
This type of strategic research is expensive because it involves long term studies at 
benchmark field sites where a series of detailed measurements of soil, climatic and plant 
parameters are made using the latest developments in methodology. Few NARS are in a position 
to make the commitment required to carry out such research. The CGIAR can take a leadership 
role until more of the NARS are strong enough to contribute effectively at the strategic research 
level. Ecoregional entities must take the lead because most of the research needed requires field 
facilities and cannot be done by a central global agency. Based on this strategic research it is 
necessary to spell out the principles underpinning applied research in 
, 
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identifying a broad range of technical options for sustaining resources. Options will be designed 
to be appropriate to the generic economic and social characteristics on the farming populations of 
the agroecosystem. Through station- and farm-based experimentation, adaptive research will 
modify generically suitable technical options to the circumstances of particular fatining 
communities in the agroecosystem. 
It is important to assert that resource management components should come from both 
formal agricultural, forestry and fisheries experimentation, and, by exploiting variation in 
management practices across and within local communities, from indigenous technical knowledge. 
Two main sources of variation can be tapped: 
Type (i) variation: Evolved component practices of groups of farmers operating systems in 
an ecology already under heavy population pressure. 
Type (ii) variation: Within existing groups of farmers there is a normal distribution of 
managerial ability. Innovators in the community have often solved, or are actively 
seeking solutions, to problems accepted as priorities in the community. 
The diagnostic research mode will elicit the history of the adoption of observed sets of 
resource management practices and will identify: 
component resource management technologies useful in systems under lower levels 
of pressure; 
the definition of the ecological and market circumstances of farmers in which the 
components identified have been widely adopted; 
the level and type of pressure in the ecology that makes a practice attractive to 
farmers; 
factors influencing the sequencing of the introduction of new resource management 
components. 
Formal experimental work as well as sources of indigenous technical knowledge will feed 
into inventories of resource management components, each with descriptors on the circumstances 
of farming systems conducive to its adoption and use by farmers in their systems. 
It is important to the drive for intensification to spell out the factors conditioning the 
behaviour of small, resource poor farmers. Such farmers, particularly in the non-irrigated 
sectors, have been extensive users of land. In the absence of cash, land has been the capital 
invested in their production systems, Such investments have been viable while land was an 
abundant factor in production and often continue to be so while it remains relatively abundant and 
in the absence of effective local markets for inputs and credit. 
Burgeoning resource degradation is precipitated by the rate of population increase 
overtaking the speed at which farmers can adjust their systems. A key result is falling labour 
productivity, Family incomes can only be maintained by intensification which, in turn, demands 
investment. Additional land can no longer be the source of capital for the system. 
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Yet farmers have lost their traditional source of capital and capital/labour ratio has to be built up. 
The fact that livestock represent a major source of capital in some farming systems also has to be 
factored into this discussion. 
There are three new sources which farmers can turn to: One commonly exploited is off- 
farm employment. Secondly, the labour which previously invested in bringing new outside land 
into production by felling trees and bush clearing, can be diverted to capital works within the 
current land base of the system, Finally, formal and informal credit facilities offer a third source 
of cash for intensification. 
Policies which oblige farmers to follow exemplary production practices, and land use 
policies which utilize a regulatory approach to control farming in marginal areas, have proven 
very difficult to enforce. However, all farmers, including resource poor ones, operate in a 
production environment in which policy is a key component in shaping their decisions. When 
policy changes create appropriate conditions to intensify, farmers shift their production strategy. 
Over wide areas, particularly where markets and infrastructure are poorly developed, land remains 
the cheapest resource. The effective use of policy signals will extend the time for farmers to 
adjust their systems, and will help mobilize intensifying technologies already on the shelf from 
past research efforts. 
Policy instruments of all types, but particularly market prices, input prices and subsidies, 
and credit access and subsidy, are useful to draw new technology into local farming systems to 
preempt falls in labour productivity. Careful ex ante evaluation of the expected trend in labour 
productivity will be a major effort in policy analysis. Again the diagnostic research along the 
extensive/intensive path will shed light both on the levels of policy intervention and the time 
frame. In most cases advances will be made in a stepwise fashion by the introduction of a 
sequence of new components which accumulate into sustainable and productive resource 
management systems, rather than &rough what has been termed new farming system development 
and adoption. . 
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List of Some Major Needs for International Research 
1. Global Environmental Concerns 
Effects of environmental changes on agriculture, forestry and fisheries 
Effects on the management of resources on the global environment 
2. Characterization Ecological 
Methods for ecological characterization and zoning in relation to existing farming 
systems and forestry, fisheries, and potential land/water uses 
3. Germnlasm Conservation 
Plant, animal, and aquatic species of regional and global importance 
4. Natural Forest Ecoloev and Management 
Improved understanding of climatological and biological role of tropical forest 
ecosystems 
Development of management principles for sustained yields of wood and non- 
wood products in forests and agricultural options 
Sustainable land use systems for encroached tropical forests 
5. Natural Fisheries Ecoloev and Manapement 
Development and validation of models for management of capture- 
based fisheries 
Use of remote sensing methods to improve quantification of fisheries stocks 
6. ails Conservation and Management 
Research on the clearing and sustainable management of cleared forests and 
woodlands 
- Understanding the long run nutrient economy of tropical soils under increasing 
cropping intensity and different management systems 
Better understanding of the chemistry and management of acid soils in the tropics 
Development of appropriate tillage methods for soil, water and power conservation 
Development of techniques for increased production by small farmers in Vertisol 
areas 
- 
t 
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7. Water Conservation and Management 
Development of principles and methods for sustainable 
management of water resources (including drainage): 
0 irrigated systems 
0 rainfed systems 
8. Land Use Mananement 
Research to understand multiple and competing land use options for: 
0 watersheds 
0 coastal areas 
0 rangelands 
9. DeveloDment of Production Svstems for Sustainable Resource Management 
Development of testing of cost-effective methods for assessing the contribution of 
trees and shrubs to production systems 
Development of management principles for agrofore-stry systems 
Multiple systems for crops/livestock/trees 
Multiple systems for crops/livestock/fish 
10. Cron Productivitv Research 
Development of adaptation, tolerance and resistance to biotic and abiotic stresses 
for important crops 
Sequencing, mixing, intercropping principles 
Biology and ecology of main pests 
Components for pest management for main crops 
0 Identification and evaluation of biological control agents 
0 Development and integration of components 
Understanding interactions of nutrients and microbiological processes for improved 
nutrient use efficiency 
11. Livestock Productivitv Research 
Herd and flock management under increasing pressures on land and forage 
resources 
Improvement of the feed resource base 
0 Fodder crops, pastures and shrubs 
0 Crop residues and by-products 
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Eprestrv Production Research 
Exploratory research on genetic resistance to biotic and abiotic stresses and on 
selected areas of pathology/entomology 
Afforestation techniques for wasteland reclamation 
Understanding soil organic matter and soil microbiology/tree interaction in major 
agroecological zones with emphasis on seedling survival, enhanced yield and 
improvement in nutrient use efficiency. 
13. Socio-Economic and Policy Re 
Analysis of casual relations between socioeconomic and policy factors and 
resource use. 
Assessment of underlying causes of ongoing environmental degradation processes 
and identification of policy options 
0 deforestation causes and processes 
0 reforestation incentives 
0 chemical pollution 
0 soil erosion 
Land and water use management policies 
Assessment of the impact of new technologies and policies on human migration 
patterns 
Analysis of the reliability of different interventions for resource conservation 
practices 
Development and testing of cost-effective methodology for participatory research 
into production systems and their nutritional consequences including mineral 
deficiencies 
